The geometry of the human paraspinal muscles
In the lumbar spine, the erector spinae aponeurosis had to be removed to reveal the longissimus muscle inserting to the transverse processes of the lumbar vertebrae. After dissecting iliocostal, longissimus and spinal muscle fascicles, the semispinal muscle became visible at thoracic and cervical level. After measuring the visible fascicles, semispinal muscles were removed. Multifidus muscles and levator costae fascicle contours were identified and measured. The deepest muscle layer consisted of rotator muscles.
The thickness of each muscle was measured with a caliper gauge. The width of each muscle can be retrieved from the medial and lateral coordinate of the insertion and the origin of each muscle. The length of the muscle and the tendons were measured with a caliper gauge and by calculating the length from the coordinates of the muscles. 
Accuracy of the Isotrak equipment
In Quiet Mode, as selected by the host command, the Isotrak resolution in position is 0.03 inches root mean square (RMS) to 15 inches away from the source. From 15 to 30 inches, positional resolution degrades linearly to 0.06 inches RMS at 30 inches, with a minimal magnetic field strength at 30 inches distance to the source of 75 nano Tesla. Angular resolution at 30 inches distance is up to 0.12º RMS.
Before each measuring session, the position of the body in relation to the source of the Isotrak was checked by the position of some reference points on the body. The position of these reference points also were measured with a caliper gauge to determine the accuracy of the Isotrak
Reconstruction
After finishing the complete reconstruction of all bony elements in the Gyroview program, 45 significant coordinates were picked out of each vertebra. These threedimensional coordinates were imported into the ANSYS program (version 5.4;
Swanson Analysis Systems, Canonsberg, PA).
In Table 3 -1, the three-dimensional coordinates of the spinalis muscle are given. Because the coordinate system of the CT scan was different from the coordinate system of the Isotrak, the coordinates of the Isotrak, the coordinates of the Isotrak scan were converted to the coordinates of the CT scan. After conversion, the coordinates of both the bony elements as the muscles were imported in ANSYS. In Figure 3 -1 to Figure 3 -5 (page 45 and 46-47)the coordinates of the vertebrae from T1-L3 and the muscles iliocostalis, longissimus, spinalis, semispinalis muscles and the four groups combined are shown.
Discussion
McGill and Norman (2, 3) have shown that a change in the modelling of the erector spinae muscle can alter the compressive forces in the spinal column by 20% and can increase the offsetting shear forces. Classic studies used measurements from crosssectional anatomic diagrams of the human cadavers, scaled to the width and depth of the trunk of the subject, to obtain the moment arm that produces the joint torque. Reid and Costigan (6) calculated the ratios of the lever arm to trunk depth for the anteroposterior position of the rectus abdominis and of the erector spinae. These parameters have been measured in cadavers using computed axial tomography (1, 4).
The erector spinae muscle has also been studied from CT scans in 28 subjects (6) . Magnetic resonance imaging (MRI) has also been used for this purpose (4, 7, 10) . The average over the whole trunk of the cross-sectional area and of the lever arm to the trunk depth ratios was calculated. The delineation between various components of the erector spinae muscle is difficult and sometimes impossible to make using CT and/or MRI scans.
In this study, the positions of the paraspinal muscles as well as the moment arms and the size and thickness of the spinal muscles were accurately determined. The 3-Space Isotrak equipment proved to be a valuable tool in measuring three-dimensional positions of small soft tissue structures. The ANSYS program was valuable in combining different three-dimensional coordinate systems in one system to provide a unique descriptive geometrical model of the human spine. This model has been made to aid in analysing the biomechanical influence of various types of spinal pathology. The advantage of this study over two-dimensional studies is that the path of each muscle was carefully followed and that the 3-dimensional (3-D) coordinates of the begin and the endpoints of all spinal muscles are precisely measured. The 3-D coordinates of important points of the vertebrae were also precisely measured. Both measurements were done on the same subject and can be helpful to construct a more accurate model of the human vertebral column. The majority of the spinal models at the moment use a constant distance of the moment arm of certain muscles. The distance used is the distance from the center of rotation to the tip of the spinous processus. With the data from this study, the moment arm of each muscle fascicle can be calculated if necessary. The model consists of the sacrum, combined with the lumbar vertebrae 2 to 5. The distance from the center of motion is given hereFigure 3-6-B shows the distance to separate muscle fascicles. The moment arm of these muscles is often larger that the distance to the tip of the spinous proces.
If a two-dimensional model is used to calculate the forces on the spinal column, these data can be used to calculate resultant muscle vector on the median plane with adjusted cross-sectional area 
